Background: Family meal frequency has been shown to be strongly associated with better dietary intake; however, associations with weight status have been mixed. Family meals-focused randomized controlled trials with weight outcomes have not been previously conducted. Therefore, this study purpose was to describe weight-related outcomes of the HOME Plus study, the first family meals-focused randomized controlled trial to prevent excess weight gain among youth. Methods: Families (n = 160 8-12-year-old children and their parents/guardians) were randomized to intervention (n = 81) or control (n = 79) groups. Data were collected at baseline (2011)(2012), post-intervention (12-months post-baseline) and follow-up (21-months post-baseline). The intervention included ten monthly group sessions (nutrition education; hands-on meal and snack planning, preparation, and skill development; screen time reductions) and five motivational, goal-setting phone calls. The main outcome was child body mass index (BMI) z-score. Results: General linear models, adjusted for baseline values and demographics, showed no significant treatment group differences in BMI z-scores at post-intervention or follow-up; however, a promising reduction in excess weight gain was observed. Post-hoc stratification by pubertal onset indicated prepubescent children in the intervention group had significantly lower BMI z-scores than their control group counterparts.
Background
Overweight/obesity continues to be major public health problem for youth, with prevalence among 2-19-yearolds at about one-third in the United States [1] and slightly lower but increasing rates worldwide [2] . To address this issue, both childhood obesity prevention and treatment randomized controlled trials (RCTs) have been initiated. Historically, childhood obesity prevention trials have consisted of initiatives with children of all sizes with implementation in school [3] and community settings [4, 5] while treatment trials have typically focused on overweight youth within clinics and primary care facilities [6, 7] . Prevention-focused RCTs have been mildly to moderately successful in reducing body mass index (BMI) [3, 8] , particularly among children compared to adolescents [8, 9] . Treatment studies with overweight youth typically have larger effects on BMI [10] but are expensive [11] . Prevention of excess weight gain and the reduction of excess weight are critical for the future of our youth.
Perhaps interventions would be most effective if they used successful approaches from both types of programs. Successful prevention and treatment programs with significant effects on BMI are more likely high-quality studies with solid theoretical foundations, rigorous design, quality measurement and clear descriptions of intervention delivery integrity, fidelity and dose [3, 12, 13] . Additionally, successful programs often include family involvement, behavioral monitoring, environmental changes and longer-term interventions [8, 10, 14] . National experts have recommended that programs improve the family's ability to support children's weight-related behavior change [11] ; however, including parents in childhood obesity trials can be challenging [10] . Family-based approaches for childhood obesity prevention interventions have increased over the past several decades and those rooted in behavior theory appear to have more successful outcomes for overweight youth [15] . Historically, treatment programs have been more likely than prevention programs to include parents and focus on the home environment and often teach about selfmonitoring, goal setting, problem-solving and have explicit behavioral change expectations [7] . More recently, childhood obesity prevention RCTs have emphasized the importance of the home environment and family involvement in reducing childhood obesity and have included adiposity-related outcomes [16] . However, few have been conducted with school-age or preadolescent children even though these children are at high risk of excess weight gain and obesity [17] . Moreover, few studies that measure potential effects over a longer post-intervention period have been conducted to evaluate sustainability [9] .
One growing area of research that may be promising for obesity prevention is family meals promotion. Noninterventional, cross-sectional and longitudinal studies have demonstrated robust findings between family meal frequency and child dietary intake quality [18] [19] [20] [21] , with some studies showing promising associations between family meal frequency and weight, particularly among young children [21, 22] . However, few intervention programs have specifically examined promoting healthful and frequent family meals as a method of addressing childhood obesity. Our study team conducted a pilot RCT with a family meals-focused program in which nutrition and weight-related outcomes were directly measured; findings were promising but, as a pilot, it was not powered to assess change in weight-related outcomes [23, 24] . A few other programs reported in the literature promoted family meals but not as the primary focus [16, 25, 26] or did not evaluate weight-related outcomes [27, 28] . The present RCT builds upon the extant literature as it was designed to evaluate the efficacy of a family meals-focused intervention to prevent excess weight gain in 8-12-yearold children. It incorporated both childhood obesity prevention and treatment approaches. The a priori hypothesis was that children whose families participated in the intervention program would have significantly lower BMI zscores at post-intervention (12 months post-baseline) compared to children in the control group; similar findings were hypothesized to be sustained at follow-up (21 months post-baseline). Given the strong associations between puberty and weight gain in the literature [29] [30] [31] and robust findings that younger children eat meals more often with their families than older children and may thus be more influenced by changes in family meals [20, 32] , a subsequent aim was added to examine whether the intervention had a differential effect by pubertal onset.
Methods and procedures

Trial design
The Healthy Home Offerings via the Mealtime Environment (HOME) Plus study was designed as a two-group RCT (intervention and control) to promote healthier eating, reduce sedentary behaviors (i.e., meal-related screen time) and prevent excess weight gain among 8-12-year-olds by increasing the frequency and healthfulness of family meals [33] . A staggered-cohort design was used in which two cohorts of families from a large metropolitan area in the upper US Midwest were recruited and randomized to treatment groups one year apart (2011 and 2012). Fully detailed power calculations are published elsewhere [33] . We partnered with the Minneapolis Park and Recreation Board because their mission promotes health, well-being and community and they have a significant presence in the local area. Six Minneapolis Park and Recreation community centers were selected as intervention sites based on the economic-and cultural-diversity of the populations they serve and site logistics (e.g., kitchen facilities).
Participants
Staff and volunteers recruited 160 children and one of their parents/guardians (the primary meal-preparing adult in the household) from community centers using flyers, targeted email lists, and in-person presentations/ discussions; some participants learned of the study by word of mouth. Child inclusion criteria were as follows: being 8-12 years old, having an age-and genderadjusted BMI percentile above the 50 th percentile (to potentially target a more at-risk group), having English literacy, and living with the participating parent/guardian most of the time. Exclusion criteria (children and parents) were plans to move from the area within 6 months, and medical conditions prohibiting participation (e.g., extreme food allergies). Regarding program reach, the HOME Plus sample appears to be similar in racial/ethnic diversity and slightly more educated compared to residents in the county where the community centers were located [34] .
Procedures
Participating parents and children signed consent and assent forms, respectively. Data were collected by research staff at baseline, post-intervention (12-months post-baseline to assess intervention efficacy) and followup (21-months post-baseline to assess sustainability). Baseline data collection occurred almost exclusively at participants' homes (99 %). At post-intervention and follow-up, 35 %-45 % of families selected community sites for data collection. Families received a gift card at each data collection visit. All study procedures and materials were approved by the University of Minnesota IRB.
Randomization
After baseline assessments, the study statistician randomized families to the HOME Plus intervention (n = 81) or control (n = 79) groups within each community center using a computer-generated randomization schedule (nQuery Advisor version 6.01, Statistical Solutions, Ltd.). Assignment was not blinded. Fig. 1 depicts a consort flow diagram for sample sizes at recruitment, randomization, data collection and analysis. Additional details of the study design and protocols are published elsewhere [33, 35] . 
Measures
Children and parents completed psychosocial surveys, and trained staff measured height and weight using standardized procedures [36] . Parent surveys included demographic information. Family dinner frequency was assessed with the following question: During the past seven days, how many times were you sitting and eating with your child when he/she ate his/her dinner? Response options included 0 to 7 times. Children completed a validated assessment of their pubertal maturation using the Pubertal Development Scale which assessed for skin changes, growth spurts, body hair, voice changes (boys only), and breast development and menarche (girls only) [37] . Height and weight were used to calculate BMI values that were standardized for age and gender using CDC Guidelines [38] . Child weight status was classified as follows: BMI < 85 th % = normal weight, 85 th ≤ BMI < 95 th % = overweight, and BMI ≥ 95 th % = obese. The primary study outcome was child BMI z-score at post-intervention.
Intervention
Social Cognitive Theory [39] and a socio-ecological framework [40] guided measurement of key variables and the development of the HOME Plus intervention to address personal, behavioral and environmental factors associated with healthful home food environments; sedentary behavior, including screen time; meal and snack times, including preparation; and food and beverage consumption within family homes. The intervention was delivered by trained staff (registered dietitians and a public health nurse) and targeted family change in the planning, frequency and healthfulness of family meals and snacks and limiting meal-related screen time. The intervention included ten monthly group sessions (see Table 1 ) and five brief goal-setting telephone calls [35] . Families received a guidebook with session topics, strategies to promote behavior change and study goals, recipes and community resources. All family members were invited to attend sessions and transportation and childcare were provided, if needed. The most commonly used behavior change taxonomy clusters used in the sessions included Goals and Planning, Social Support, Repetition and Substitution, Natural Consequences, Shape Knowledge, and Antecedents [41] with many associated behavior change techniques as shown in Table 1 . The goalsetting calls (~20 minutes) were completed by dietitians trained in motivational interviewing who tailored each call to the family-selected behavioral goal(s). Calls included the same behavior change techniques as inperson sessions but followed an interview format, utilized motivational interviewing techniques [42] and provided opportunities to discuss behaviors/goals that complemented the group session topics. Control group participants received a monthly family-focused newsletter and did not receive the HOME Plus intervention program.
Program fidelity
To monitor and enhance program fidelity, observations of session delivery by the interventionists were conducted according to key established criteria [12, 43, 44] at sessions 3, 6, and 9 by trained university-level students using a standardized checklist. Analysis indicated 90 % of sessions were delivered as intended; the main protocol deviation was program start time as delays occurred when families did not arrive as scheduled.
Dosage
Intervention "dose" was defined as the total number of in-person intervention sessions attended out of ten.
Data analysis
Baseline comparisons between intervention and control groups were performed to examine any realized imbalance. Inclusion of covariates in the analytic models was determined by examining differences related to retention, correlations with BMI z-score and overlap between child and parent measures. Slight attrition occurred at post-intervention (see Fig. 1 ), with significantly lower retention among nonwhite participants and those receiving economic assistance. Child age was related to BMI, and child and parent race were significantly correlated with each other. Thus, general linear models to assess intervention effects on BMI z-score at post-intervention and follow-up were adjusted for baseline child BMI z-score, age, gender and race and family receipt of economic assistance. To examine the longitudinal intervention effect, a general linear mixed model was fitted, with baseline BMI z-score, treatment group, time (post-intervention and follow-up) and treatment group-by-time interaction as fixed covariates, adjusting for demographic covariates and including participant-specific random intercepts. We also explicitly modeled the partiallyclustered nature of this sample (since the intervention was delivered in group settings with multiple families while control participants stayed "unclustered") using a random coefficient multilevel model [45] . The intervention effect was not affected after adjustment for partial clustering and no intervention sub-group facilitation was observed; thus, only the results of the analyses conducted without the adjustment are presented.
We assessed "dose-response" of the implemented intervention among intervention group participants who provided both baseline and post-intervention child BMI z-scores using multiple regression without and with adjustment for child age, gender, race and family economic assistance receipt at baseline. For post-hoc stratification to examine whether the intervention had a differential effect by pubertal onset, development scores were split at the median (development score: <1.6, n = 57, prepubescent vs. ≥1.6, n = 90, pubescent). This cut-point essentially categorized youth into prepubertal versus early puberty or beyond based on the original scale development [37] that is in line with Tanner Stages of prepuberty [31] (see Table 2 ). This variable was included in an interaction with treatment group in the regression models while controlling for demographic covariates. We were unable to use established puberty criteria such as menses for our cut-point as our 8-12 year old sample was relatively physically immature, as expected. Given the high frequency of family dinners at each assessment point (M = 4.7, SD = 2.0; M = 5.0, SD = 1.8; M = 5.1, SD = 1.7 at baseline, post-intervention and follow-up, respectively), for analysis, we modeled "frequent" (5 or more per week) family dinners using generalized linear mixed models (GLMM) with participant-specific random intercepts while controlling for baseline sociodemographic characteristics. Data management and statistical analyses were conducted using SAS software versions 9.2 and 9.3 (SAS Institute Inc., Cary, NC, USA). An intent-to-treat approach was used for all analyses. A two-sided type I error rate of 5 % was used to determine statistical significance.
Results
Recruitment and retention
One-hundred-sixty families were recruited and randomized. There were no significant baseline weight-related or demographic (i.e., gender, race, age, education, economic assistance, cohort, site) differences between the intervention and control groups. There was high study retention at post-intervention and follow-up (see Fig. 1 ). Moreover, intervention participation was high with 85 % of families attending at least half of the in-person sessions and at least three of five motivational calls. Average attendance was 68 % for in-person sessions and 87 % for goal-setting calls over the ten-month intervention [35] . No serious adverse events were reported.
Sample and baseline descriptives
Descriptive summaries of sample baseline measures are presented in Table 2 . Average child age was about 10 years, slightly less than half were overweight/obese, and the majority was white. Parents' mean age was about 41 years, and 60 % were overweight/obese. The majority was white and 95 % were women. Sixty-one percent of parent participants had at least a four-year college degree; 35 % received economic assistance through free/reduced lunch for their children or other public assistance.
Intervention effects on BMI z-scores at post-intervention and at follow-up
Adjusted mean differences in BMI z-scores between control and intervention groups at post-intervention and at follow-up were not statistically significant and were estimated to be 0.03 (SE = 0.04; 95 % CI: −0.05, 0.12; p = 0.43) and 0.07 (SE = 0.05; 95%CI: −0.04, 0.17; p = 0.21), respectively (see Table 3 ). The only significant covariate was baseline BMI z-score with higher baseline scores associated with higher scores later.
Examples of the HOME Plus intervention effect on decreases in excess weight gain for an average nonoverweight child and overweight child
Although not statistically significant, to facilitate understanding of the potentially clinically significant weight change associated with the HOME Plus intervention, we estimated corresponding decreases in expected weight gain associated with our intervention effect for an average 9-and 11-year-old at the 75 th and 85 th percentiles for BMI (corresponding to non-overweight and overweight) and 50 th percentile for height (all baseline) using the CDC growth charts [38] . For a 9-year-old at the 75 th percentile BMI, a corresponding decrease in expected average weight gain at post-intervention was about 0.18 kg; the decrease was more pronounced (around 0.22 kg) for a 9-year-old starting at the 85 th percentile (overweight) and corresponds to a post-intervention 84 th percentile (normal weight). Similarly, for an 11-year-old, the expected decreases in average weight gain at post-intervention were about 0.24 kg and 0.30 kg (at 75 th and 85 th percentiles, respectively). 
Longitudinal effect of the intervention on BMI z-scores
No statistically significant differences in BMI z-scores between treatment groups, within treatment groups over time or between treatment groups over time were observed when post-intervention and follow-up time points were modeled while adjusting for the baseline outcome values and demographic factors.
Intervention dosage effects
On average, the intervention participants attended seven sessions (SD = 3) with the intervention "dose" ranging between 0 and 10 sessions (median = 8). Over 74 % (55/74) attended seven or more sessions while 36 % (27/74) attended all ten sessions. The intervention "dose" was not found to be statistically significantly associated with child Pubertal Development is based on child self-reported scale (range 1-4). Prepubescent is a score of less than 1.6 and pubescent is greater than or equal to 1.6. c Two pregnant women in the intervention condition were not included in BMI or weight status descriptives.
BMI z-scores at post-intervention without or with adjustment for baseline sociodemographic characteristics (p = 0.15 and p = 0.21, respectively).
Pubertal onset by treatment group effect
Post-hoc stratification to examine whether the study intervention had a differential effect on BMI z-scores by pubertal onset indicated a statistically significant pubertal onset-by-treatment group interaction in both postintervention (p = 0.01) and follow-up models (p = 0.02). Subsequent sub-group analysis indicated a treatment group effect among prepubescent children only, at both post-intervention and follow-up time points (p = 0.03 and p = 0.001, respectively) in the longitudinal model. The adjusted mean BMI z-score difference between the control and intervention groups among prepubescent children at post-intervention was 0.18 (SE = 0.08; 95 % CI: 0.01, 0.34), corresponding to an estimated decrease in expected average weight gain of about 1.00 kg for a 9-year-old at the 75 th percentile for baseline BMI and of about 1.20 kg, if starting at the 85 th percentile for BMI. Likewise, for an 11-year-old, the expected decreases were more pronounced at about 1.40 kg and 1.70 kg, accordingly.
Longitudinal effect of the intervention on family meal frequency
The majority of participants (60-70 %) reported "frequent" (5 or more) family dinners per week at all time points. No statistically significant group, time or groupby-time effects on the probability of having frequent family dinners were observed when post-intervention and follow-up time points were modeled while controlling for baseline outcome values and adjusting for baseline demographic and SES characteristics. Frequent family dinners at baseline was the strongest predictor of having frequent family meals later (p< 0.001). Economic assistance receipt at baseline was significantly associated with a lower probability of having frequent family dinners (p = 0.02). The predicted probability of having frequent family dinners for an intervention participant was higher (albeit not significant) than that for a control participant at post-intervention (0.72 and 0.56, respectively), whereas the probabilities were similar at follow-up (0.75 and 0.74, accordingly).
Discussion
The present RCT reported on the efficacy of a family meals-focused intervention to prevent excess weight gain among 8-12-year-old children. The HOME Plus study was unique in that it was prevention-and familyfocused with BMI as the primary outcome. Overall, the intervention effect on BMI z-scores did not reach statistical significance; however, modest and promising decreases in excess weight gain were observed at postintervention and were sustained. Our post-hoc stratification analysis indicating significantly lower BMI z-scores for intervention children compared to their control group counterparts, among the prepubescent children only, is promising but should be viewed cautiously; further examination is warranted.
The present study exploratory findings suggest familymeal focused programming may potentially be efficacious to prevent excess weight gain among children prior to pubertal onset, as our cut-point for stratification was on the low end of development and consistent with prepubertal definitions [31] . Our findings support the conclusions of several reviews showing that associations between family meal frequency and weight status/BMI are robust in younger children [9, 21] . Perhaps the persistence of BMI across development is strong enough that intervention timing is critical and should occur early during development. Moreover, we were unable to tease apart the potential biological and psychosocial changes associated with maturation; we suspect that engagement in a family-focused intervention and changes in BMI z-scores may be influenced by both. It is unlikely our main effect not reaching statistical significance was due to lack of intervention fidelity or family engagement given the high fidelity and attendance rates. Rigorous family meals research with younger populations is needed, particularly to examine the effects of psychosocial changes during this age, related family dynamics, and possible interactions with biological influences. Our study programming attempted to target children comprising a wide range of ages and maturational stages. Although we believe the intervention program was ageappropriate for 8-12-year-olds, some participants were pubescent and perhaps, given the strength of biological influences at this time, additional content and/or strategies are needed to have a larger impact on BMI. Additionally, reviews have consistently indicated longer-term programs (12+ months) are more effective than shorterterm programs (<12 months) [3, 8, 46] . HOME Plus was a 10-month program that may be shy of the length of time necessary for substantial BMI change. However, based on HOME Plus intervention-participant feedback, 88 % indicated a longer community-based program would not be preferred. Increased costs would also prohibit programs of much longer length given the current funding climate. Alternatively, our inability to show a planned difference in our primary outcome may be due to an unmeasured influential variable that we failed to address or consider.
The present study had several strengths. The full scale study's design and intervention program had been pilot tested with similarly successful recruitment, retention and acceptability [23] . The theoretical framework, study design, methodology and measurement were high quality and the intervention had high fidelity. Intervention efficacy was tested using a RCT with both post-intervention and long-term follow-up; many studies do not test for sustainability [9] . The main outcome measurement was strong as it was measured objectively by trained staff. The randomization procedure was effective, with no baseline treatment group imbalance. The combination of delivering the intervention using both group-and individualized-approaches provided multiple pathways for behavior change and the use of standardized manuals and continual monitoring of intervention delivery demonstrated intervention integrity. An additional strength of the intervention was the delivery in real-world community settings, demonstrating successful partnerships with community organizations. Providing convenient intervention and measurement locations and facilitating participation by offering transportation, childcare and flexible scheduling were key to successful engagement and high retention rates.
Several
limitations should be noted. The generalizability of study findings is limited as participants, who self-selected into the study, may have done so because of interests in cooking and family meals, and thus may have been more receptive to behavioral change. However, all of our families identified important behavioral goals for improvement since we provided a menu of goals and allowed flexibility in goal selection. Also, families were recruited across a large spectrum of income levels and racial diversity given the area population and appeared to be representative. In addition, our inclusion criteria of BMI ≥ 50 th percentile may have affected findings. Including a large proportion of normal weight children may have made it more difficult for us to see programmatic effects on BMI; as expected and shown in the description above, the intervention effect was more pronounced for heavier children. We were unable to model incidence of overweight/obesity by treatment group due to an insufficient number of children in our sample who were at normal weight at baseline but considered overweight/obese at post-intervention. Finally, at baseline, 61 % of families participating in HOME Plus were eating family dinner together 5 or more times per week, limiting the program's ability to increase family meal frequency which could have also diminished the effect on weight-related outcomes. Our high participation rates in the intervention sessions meant that we did not observe a dose-response intervention effect on BMI z-score. Future researchers in this area may consider recruiting only families that report infrequent family meals to potentially have a larger preventative effect on excess weight gain.
Future research is needed in several areas of childhood obesity prevention study design and intervention development and delivery. Prevention of excess weight gain among normal weight youth may be more difficult than targeting weight reductions in overweight or obese youth [14] and may take longer to show [46] . In relation to the development and implementation of interventions, perhaps tailoring for within-group differences is needed [47] by pubertal development. Given that the present study was conducted with urban families, many of whom were eating frequent family meals, future family mealsfocused interventions should prioritize engaging families in rural communities and including families who do not already frequently eat together.
Conclusions
The HOME Plus study was a high quality study that tested a family meals-focused intervention with parents and children for the prevention of excess weight gain. Although we did not have a statistically significant overall intervention effect in our primary analysis, we observed modest but promising reductions in excess weight gain across age and weight status and significant effect modification by pubertal onset, suggesting potential weight-related effects for family meals-focused interventions among prepubescent children. Further research in this area is warranted.
